Abstract: We observe a bistability in an electrically driven polariton condensate, which is manifested by a memory dependent threshold characteristic. The bistability is explained by a dependence of the electron-hole tunneling lifetime on the carrier density.
Introduction
Exciton-polaritons evolve in semiconductor microcavities as the result of strong coupling of optical and matter modes [1] . Due to polariton condensation, the microcavity becomes a source of coherent emission, which was first predicted in [2] . Furthermore bistable behaviour [3, 4] especially combined with electrical excitation [5, 6] could be used for energy switching or polaritonic memory devices in a logic circuit.
Experimental and theoretical results
The sample which we study in this work is similar to the one discussed by Schneider et al [5] . It contains four InGaAsquantum wells (QWs) inside a GaAs cavity sandwiched between 23(27) doped Bragg refelctors on top(bottom), which yield a Rabi-splitting of 5.5 meV (6 meV for a magnetic field of 5 T). In order to facilitate efficient current injection into the QWs, we etch micropillars with a diameter of 20 μm into the layer structure ( Fig. 1(a) ).
The formation of a polariton condensate under incoherent electrical injection conditions is evident from the electroluminescence spectra, recorded under continuous wave (cw) conditions shown in Fig. 1(b) and (c). The spectra were recorded at a sample temperature of 6K in a Fourier space setup. Under moderate pumping conditions (j= 5.6 A cm 2 ), and at an applied magnetic field of 5 T, the momentum resolved luminescence follows the lower polariton branch (black dashed line, Fig. 1(b) ). The exciton-cavity detuning δ = E c − E x of the chosen device amounts to -5.5 meV. At sufficiently large pumping powers (Fig. 1 (c) ), the formation of a polariton condensate is indicated by the strong luminescence from the lowest energy state, and the low signal from the excited states.
The emitted photon flux at zero in-plane momentum as a function of the excitation current is plotted in Fig. 1(d) . Confirming previous observations [5] , we observe a double threshold in the input-output characteristics. Furthermore, we observe a strong modification of the behavior when the injection current is ramped from high to low values. The polariton laser regime can be established over a significantly extended current range giving rise to a pronounced bistability in the system. This is only observed at the polariton laser related threshold and under electrical pumping.
In order to explain the observed behavior, we solve the polariton rate equations which govern our non-resonantly driven system. We assume a spatially homogeneous excitation and neglect any spatial dependence. Using the corresponding rates of exciton formation (W 1 ), dissociation (W 2 ) and condensation r(n p + 1) and with the decay rates for charged carriers (γ), excitons (γ x ) and polaritons (γ p ), the numbers of charged carriers (n), excitons (n x ) and polaritons (n p ) in the micropillar evolve according to the coupled rate equations:
We have assumed that the electron and hole populations are similar, being described by a single pumping rate P, corresponding to the application of an electric field across the quantum wells. The electric field is also responsible for driving the free carriers out of the structure, corresponding to the decay rate γ, which typically decreases exponentially with increasing bias γ = γ 0 e −cn [7] . Where γ 0 and c are constants. The steady-state solution to Eqs. 1-3 is:
Therefore the reduction of the loss rate γ upon increasing the carrier density n generates a positive feedback which is sufficient to cause bistability in our system ( Fig. 1(e) ).
Conclusion
We observe a bistability in an electrically driven polariton condensate, which is manifested by a memory dependent threshold characteristic. The bistability is explained by a dependence of the electron-hole tunneling lifetime on the carrier density.
